We conducted a cadaveric study to determine the size of cartilage grafts that can be taken from the tragus without distorting tragal anatomy. Our subjects included 7 fresh cadavers-3 male and 4 female (age at death: 61 to 87 yr). Tragal cartilage grafts were harvested while leaving the lateral 3 mm of the tragal cartilage in situ to preserve the anatomic shape of the tragus. The grafts were measured and their dimensions recorded. The craniocaudal dimensions of the tragal cartilages ranged from 15 to 30 mm (mean: 21.6), and the width of each specimen ranged from 10 to 23 mm (mean: 15.3). The thickness of the cartilage was approximately 1 mm. The grafts were slightly curved along their long axis. We also review the literature regarding the dimensions of different grafts used in rhinoplasty, knowledge of which can help in preoperative planning. Tragal cartilage grafts have been used as shield, alar contour, alar batten, lateral crural onlay, dorsal onlay, and infratip lobule grafts. When a straight and/or thick graft is needed, two strips of tragal cartilage can be sutured in a mirror-image configuration.
Introduction
The use of cartilage grafts in rhinoplasty has been instrumental in improving aesthetic and functional outcomes. Septal cartilage has been traditionally the graft of choice. However, while it is often sufficient in primary cases, it may be inadequate in secondary cases. When a patient's septal cartilage is deficient because of previous surgery or a large septal defect, conchal cartilage and/ or rib cartilage have been popular second-line options.
The ideal graft material should be pliable, durable, easily harvested and contoured, biocompatible, and of adequate supply, and its harvesting should cause minimal donor-site morbidity. Although allografts have been described for use, they are costly and have the potential for extrusion and infection. Homografts are prone to resorption, warping, extrusion, and infection, and graft safety is questionable. 1 A wide variety of grafts have been described for rhinoplasty, indicating that the ideal graft material has yet to be found. 2 Tragal cartilage has been used in rhinoplasty as a grafting material in various settings. [3] [4] [5] Tragal cartilage may be a valuable option for secondary rhinoplasty cases when septal cartilage is perforated or missing, and in patients who have previously undergone septal surgery.
There is a paucity of anatomic data in the literature regarding tragal cartilage size and use in rhinoplasty. In this article, we describe our study to determine the maximum graft size that can be dissected from the tragus without distorting tragal shape. In addition, we review the literature related to tragal cartilage grafts used in rhinoplasty.
Materials and methods
Tragal cartilage grafts were harvested from 14 ears obtained from 7 fresh cadavers-3 male and 4 female (age at death: 61 to 87 yr). For each tragal cartilage harvest, a curvilinear skin incision was made on the posterior surface of the tragus 3 to 4 mm from the free margin. The incision extended along the entire anterior wall of the external auditory meatus and down through the perichondrium. An iris scissors was used to dissect the cartilage in a subperichondrial plane. The cartilage was then incised in a cephalad-to-caudal direction parallel to the free margin, leaving the lateral 3 mm of the cartilage to preserve the shape of the tragus (figures 1 through 5).
Brown-Adson forceps were used to handle the cartilage, and care was taken not to damage it. Subperichondrial dissection was performed along the anterior surface of the cartilage. The medial border of the cartilage is a critical landmark, and dissection ends once this area is reached. Identifying this landmark is crucial to avoiding injury to the facial nerve, which is located less than 1 cm deep to the tragal pointer. 6 The cartilage graft was bluntly and sharply dissected from the soft-tissue attachments inferiorly and medially. Finally, the cartilage was cut as far superiorly as possible to obtain the largest graft possible.
The 14 cartilage grafts were measured and the dimensions were recorded. The donor sites were assessed for symmetry following harvest.
The study protocol was approved by the Institutional Review Board at Beth Israel Deaconess Medical Center.
Results
The length of the harvested tragal cartilages in the craniocaudal dimension ranged from 15 to 30 mm (mean: 21.6), and the width of the cartilage ranged from 10 to 23 mm (mean: 15.3) (table 1). The thickness of each graft was approximately 1 mm. The general results of our literature review examining the use of tragal grafts in rhinoplasty are summarized in table 2. [3] [4] [5] Specific findings regarding the various cartilage graft sites used in rhinoplasty-with emphasis on size, function, indications, and placement techniques-are summarized in tables 3 through 5. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Discussion Rhinoplasty surgeons must be comfortable with different options for graft donor sites. Since the septum is often insufficient in secondary cases, alternate sites must be considered in the preoperative planning. The choice of graft site is an integral part of any rhinoplasty algorithm, so ideally the decision to harvest a graft should not be made in the operating room. 7 In addition, harvest of the graft should be performed expeditiously while causing minimal morbidity. 7 Based on our experience with cadaveric dissections, the harvest of tragal cartilage is a fairly simple procedure that provides grafts that are suitable in size and shape for rhinoplasty. The average graft size was 21.6 × 15.3 mm, and the thickness of each harvested graft was approximately 1 mm. Mischkowski et al found that tragal cartilage takes approximately 5 minutes to harvest in the operating room, even by less experienced surgeons. 5 Preservation of the lateral 3 mm of the cartilage is critical for maintaining tragal shape after harvest.
Anatomically, the tragus is continuous with the pinna, which consists of a single plate of thin, elastic, pliable, and yellow fibrocartilage. 18 Tragal cartilage has been widely used as a graft material in tympanoplasty operations. 19 However, the size of the graft material needed for tympanoplasty is relatively small, since the diameter of the tympanic membrane generally ranges from 8 to 10 mm. 18 In children, Dornhoffer found that tragal cartilage grafts used in tympanoplasty operations measured about 10 × 15 mm. 19 The use of tragal cartilage grafts in rhinoplasty was first described in 2003 by Kotzur and Gubisch, who placed 84 tragal cartilages during a 3-year period; they reported that grafts as large as 15 × 15 mm can be harvested from the tragus. 3 Cochran and DeFatta found that tragal cartilage grafts measured approximately 10 × 15 mm; they reported the use of tragal grafts in 6 cases: 3 primary rhinoplasties and 3 secondary rhinoplasties (1 in a patient with a previous septoplasty and 2 in patients with septal perforations). 4 In the study by Mischkowski et al, 64 grafts were obtained from 60 ears in 52 patients. 5 These harvests included 23 tragal grafts (36%), 33 conchal grafts (52%), and 8 scapha grafts (13%). The authors also recommended the use of tragal grafts for augmentation rhinoplasties when a moderate graft size is needed. They recommended that conchal grafts be used for complex augmentation cases when stronger and larger grafts are needed, such as in cases of a cleft lip nasal deformity. The size of the tragal and conchal grafts they described were 13 × 18 and 20 × different types of cartilage grafts used in alteration of the nasal tip Comment • Triangular shape.
• Graft was inserted between the two medial crura of the lower cartilage.
• Multiple layers can be sutured together when a thicker graft is needed. • Graft may be used after cephalic trimming of the lower lateral cartilage and resection of fat in patients with a thick panniculus adiposus to maintain shape and prevent retraction.
Consists of:
• Major columella strut placed between the caudal septum and the columella. • L-shaped tip and buttress graft.
• Strut was placed in the deep surface of the lateral crus in a previously undermined pocket. • The lateral end of the strut was placed caudal to the alar groove so that the strut was not visible.
The graft was thicker at the tip and thinner at the inferior portion.
Fibromucous connection between the mini-spreader grafts and the lateral crura were used to obtain upward traction of the nasal tip.
30 mm, respectively. Mischkowski et al did not specify if their measurements represented an average of all the grafts or just a representative graft (table 2) . Tragal cartilage grafts have been reported to be used in 36 to 43% of centers where ear cartilage grafts were used in rhinoplasty. 3, 5 These grafts have been used as shield, alar contour, alar batten, lateral crural onlay, dorsal onlay, and infratip lobule grafts. Additionally, these grafts may be used to cover bony and cartilaginous defects, to smooth irregularities, to close septal perforations, to cover openroof deformities, and to prevent scar formation between Septal graft harvesting may be complicated by scarring or septal perforation, 7, 20 and conchal cartilage harvesting can be complicated by hematoma, pain, sensory impairment, scar, and a change in ear position and shape. 5, 7 Although rib grafts are usually preferred when large grafts are required, 7 harvesting them is associated with perioperative pain and a cutaneous scar, which lengthens recovery time and increases the visibility of the donor site, respectively. Moreover, pneumothorax and intercostal nerve injury are potential risks. Hematoma has been reported as a complication of tragal cartilage harvest. This can be prevented by using a U-shaped transtragal suture, which will also help maintain the shape of the tragus. 3, 5 Pothier and Charaklias reported that tragal cartilage harvesting may affect a patient's ability to wear "in the ear" earphones, but they did not specify whether a 3-mm lateral rim of cartilage was left during harvesting. 21 In conclusion, the size of tragal cartilages permits their use as a graft material in various indications in rhinoplasty. Understanding the dimensions and the shape of tragal grafts may assist rhinoplasty surgeons in preoperative planning.
